Many natural and synthetic hydroxy-, amino-, nitro-, and benz-anthraquinones are mutagenic in the Ames/Salmonella assay (2-4, 7, 9) . The majority of these are classified as frameshift mutagens due to their reactivity for Ames strain TA1537, TA1538, or TA98.
We have reported recently that chrysophanol (1,8-dihydroxy-3-methylanthraquinone) and islandicin (1,4,8-trihydroxy-3-methyl-anthraquinone) mycotoxins produced by Penicillium islandicum are frameshift mutagens which require metabolic activation (S9) (6) . The mutagenic activity associated with these two mycotoxins is quantitatively different from that observed with emodin (1,4,6-tri-hydroxy-3-methylanthraquinone), a known mutagenic mycotoxin for TA1537 (6, 9) .
A comparison of the structure-mutagenic activity relationships for these three mycotoxins suggested that chrysophanol might represent the basic mutagenic structure (6) . We suggested that the oxygen moiety at position 10, the methyl group at position 3, or both may form part of the mutagenic site, and that the quantitative differences in mutagenic activity between chrysophanol, islandicin, and emodin were due to the position of the additional OH group found in emodin and islandicin. Placement of this OH group at position 6 (emodin) facilitated, or at position 4 (islandicin) restricted, either the interaction with DNA or the activation to the mutagenic species by rat liver homogenate (6) .
The present study was initiated to assess further the structural relationships and mutagenic potentials of hydroxylated anthraquinones. 
MATERIALS AND METHODS
Test compounds. The anthracenes (AC) and anthraquinones (AQ) (Fig. 1) (Tables 1 and 2 ). AQ and the various dihydroxyAQs tested in a similar fashion were mutagenic (Tables 1 and 2 ).
The mutagenic activity of AQ against strains TA98, TA1538, and TA1537 was observed in the absence of liver homogenate (Fig. 2) . The four dihydroxyAQs were mutagenic for strain TA1537 exclusively. The 1,2-and 1,8-dihydroxyAQs were more mutagenic when tested in the presence of S9 (Fig. 3A,B) . The mutagenic activity of 2,6-dihydroxyAQ was observed only in the presence of S9 (Fig. 3C) addition, we have shown that AQ and anthraflavic acid (2,6-dihydroxyAQ) are also frameshift mutagens.
The observation that danthron (1,8-dihydroxyAQ) was active in the presence as well as the absence of S9 is of interest because of our recent comments concerning the mutagenicity of 3-methylAQs (6). We have suggested that the methyl group at the 3 position and the oxygen moiety at the 10 position may form part of the mutagenic site. The mutagenic activity of danthron (chrysophanol minus the methyl group) is comparable to that of emodin (6, 9) . This would suggest that the methyl group at position 3 on emodin, islandicin, and chrysophanol is modified (or eliminated) by the activation mixture or has no involvement in the mutagenic activities of these mycotoxins.
AQ is mutagenic for the three Ames strains that respond to frameshift mutagens (Tables 1  and 2) . The four other AQs tested were mutagenic for TA1537 exclusively. 8, or both gives rise to more active mutagens in the presence of S9. Our results suggest that hydroxylation at positions other than 1 and 8 reduces mutagenicity for TA1537 in the presence of S9.
We do not believe that these mutagenicity differences relate to the solubilities of these compounds. Danthron is both less soluble and more mutagenic than alizarin, and AQ, which is less soluble than danthron, exhibits the broadest mutagenic profile (Table 1) . We do feel, however, that the solubility of the compound is a parameter which should be considered in any in vitro bioassay for mutagens. For example, the decrease in the number of danthron-induced mutants (in the presence of S9) (Fig. 3) and the "*plateau" observed for alizarin were observed at mutagen concentrations which essentially exceed the solubility limit for these compounds.
In addition, the nate. This mixture is then poured over a base layer which contains Vogel-Bonner salts, 2% glucose, and 1.5% agar (1). Danthron and alizarin diffuse poorly from the seed layer into the base layer. In solution danthron is yellow to brown (depending on the concentration), whereas alizarin is orange. At concentrations which exceed the respective relative solubilities, there is a distinct separation such that the color is confined to the seed layer. At lower concentrations there is some slight color penetration into the base layer (data not presented). These observations indicate that one should not assume that the test substance in dimethylsulfoxide in the top agar will diffuse into the base layer.
In conclusion, we offer a note of caution. Negative mutagenic data in the absence of solubility information under the conditions of the test may be misleading. AQ and anthraflavic acid, both weak mutagens in this report, have been tested previously at concentrations which exceed those reported here and classified as nonmutagenic (2) (3) (4) . It is important that the solubility of test compounds be determined and that the concentration range tested be adjusted accordingly.
